In this study, the effects of magnetic field and nanoparticle on the Jeffery-Hamel flow are studied using two powerful analytical methods, Homotopy Perturbation Method (HPM) and a simple and innovative approach which we have named it Akbari-Ganji's Method(AGM 
Introduction
After introducing the problem of the fluid flow through a divergent channel by Jeffery [1] and Hamel [2] in 1915 and 1916, respectively, it is called Jeffery-Hamel flow. On the other hand, the term of magnetohydrodynamic (MHD) was first introduced by Alfven [3] in 1970. The theory of MHD is inducing current in a moving conductive fluid in the presence of magnetic field; such induced current results force on ions of the conductive fluid. The study of MHD channel has been a subject of great interest due to its wide applications in designing cooling systems with liquid metals, MHD generators, accelerators, pumps, and flow meters [4, 5] .
The small disturbance stability of MHD stability of plane-Poiseuille flow was investigated by Makinde and Motsa [6] and Makinde [7] for generalized plane Couette flow. Their results showed that magnetic field had stabilizing effects on the flow. Considerable efforts have been done to study the MHD theory for technological application of fluid pumping system in which electrical energy forces the working conductive fluid. Damping and controlling of electrically conducting fluid can be achieved by means of an electromagnetic body force (Lorentz force), which produced by interaction of an applied magnetic field and an electric current that usually is externally supplied. Anwari et al. [8] studied the fundamental characteristics of linear Faraday MHD theoretically and numerically, for various loading configurations. Homsy et al. [9] emphasized on the idea that in such problems, the moving ions drag the bulk fluid with themselves, and such MHD system induces continued pumping of conductive fluid without any moving part. Taking into account the rising demands of modern technology, including chemical production, power station, and microelectronics, there is a need to develop new types of fluids that will be more effective in terms of heat exchange performance. The term 'nanofluid' was envisioned to describe a fluid in which nanometer-sized particles were suspended in conventional heat transfer basic fluids [10] . In fluid mechanics, most of problems are non-linear. It is very important to develop efficient methods to solve them. In this paper, we use two methods to solve the nonlinear differential equation governing on the mentioned problem. One of the used methods in this case study is Homotopy Perturbation Method (HPM) and the other one is a simple and innovative approach which has been called AkbariGanji's Method (AGM).
HPM is an effective and convenient method for both linear and nonlinear equations. This method does not depend on a small parameter. This method was applied for many nonlinear problems some of which are introduced in [11] [12] [13] [14] . Roozi et al. [15] used HPM to solve nonlinear parabolic-hyperbolic partial differential equations and presented examples of one-dimension and two-dimensions to show the ability of the method for such equations. Ganji and Sadighi [16] applied HPM for solving non-linear heat transfer and porous media equations also they introduced HPM to obtain the exact solutions of linear and nonlinear Schrodinger equations [17] . Sadighi and Ganji [18] obtained the exact solutions of the Laplace equation with Dirichlet and Neumann boundary conditions using HPM. Ziabakhsh and Domairry [19] have studied the natural convection of a non-Newtonian fluid between two infinite parallel vertical flat plates and the effects of the non-Newtonian nature of fluid on the heat transfer by HPM. Ganji et al. [20] considered two known nonlinear systems which are different in phenomena but same in practice. The resulted nonlinear differential equation was separately solved by using the HPM and compared with numerical solution. Also Khavaji et al. [21] applied HPM for finding the large deflections subject in compliant mechanisms. The other used method in this paper is AGM, which is a new powerful method for solving nonlinear differential equations especially in the field of fluid mechanics. It is beneficial to represent some of the advantages of choosing this approach for solving nonlinear differential equations as follows: AGM is a very suitable computational process and is usable for solving various nonlinear differential equations. Moreover, in AGM by solving a set of algebraic equations, complicated nonlinear equations can easily be solved and without any mathematical operations such as integration, the solution of the problem can be obtained very simply and easily. It is notable that this solution procedure, AGM, can help students with intermediate mathematical knowledge to solve a broad range of complicated nonlinear differential equations. It is worthwhile to note that in AGM considering three or four sentences of the series of polynomials which are considered as the answer of differential equations is sufficient to obtain reliable solutions, and always by increasing the number of sentences the solution gets closer to the exact solution while in other methods the error might increase or decrease. For example, in this problem by adding a sentence to the series of polynomials the solutions get much more accurate.
Problem description and governing equations
Consider a system of cylindrical polar coordinates ( θ ) in which steady two-dimensional flow of an incompressible conducting viscous fluid from a source or sink at channel walls lie in planes, and intersect in the axis of . Assume purely radial motion which means that there is no change in the flow parameter along the −direction. The flow depends on and θ, and further we assume that there is no magnetic field in the −direction. The reduced forms of continuity, Navier-Stokes, and Maxwell's equations [22] are:
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where B 0 is the electromagnetic induction, σ is the conductivity of the fluid, ( ) is the velocity along radial direction, P is the fluid pressure, υ is the coefficient of kinematic viscosity, and ρ is the fluid density. The effective density ρ , the effective dynamic viscosity µ , and the kinematic viscosity of υ the nanofluid are given as [23] :
Here, φ is the solid volume fraction. Considering ∂ ( θ) ∂θ for the purely radial flow, we can define the velocity parameter as:
Introducing η = θ α as the dimensionless degree, the dimensionless form of the velocity parameter can be obtained by dividing that to its maximum value as:
Substituting Eq. (7) into (2) and (3) and eliminating P, one can obtain the ordinary differential equation for the normalized function profile as [8] :
where A * is a parameter, Reynolds number R and Hartmann number H based on the electromagnetic parameter are introduced as follows:
with the following reduced form of boundary conditions:
Physically, these boundary conditions mean that maximum values of velocity are observed at center line η = 0 as shown in Figure 1 , and we consider fully develop velocity profile. Thus, rate of velocity is zero at η = 0. Also, in fluid dynamics, the no-slip condition for fluid states that at a solid boundary, the fluid will have zero velocity relative to the boundary. The fluid velocity at all fluidsolid boundaries is equal to that of the solid boundary, so we can see that value of velocity is zero at η = 1.
The analytical methods and applications

Homotopy perturbation method (HPM)
To illustrate basic concepts of the HPM, consider the following differential equation:
where L is a linear operator, a nonlinear operator and ( ) is an inhomogeneous term. So, homotopy perturbation structure is shown as in the following equation:
where is an embedding parameter and 0 is the first approximation that satisfies the boundary condition. The process of changes in from zero to unity is that of ν( ) changing from 0 to ( ). We consider ν as following:
And the best approximation for solution is:
By applying HPM into Eq. (9) and substituting (see Eq. (16)) into it and rearranging based on powers of − terms, it can be obtained,
and etc. (19) and etc. The solution of this equation when → 1 would be as follows: 
Akbari-Ganji's Method (AGM)
Boundary conditions and initial conditions are required for analytical methods of each linear and nonlinear differential equation according to the physic of the problem. Therefore, we can solve every differential equation with any degrees. In order to comprehend the given method in this paper, two differential equations governing on engineering processes will be solved in this new manner. In accordance with the boundary conditions, the general manner of a differential equation is as follows: The nonlinear differential equation of which is a function of , the parameter which is a function of and their derivatives are considered as follows:
Boundary conditions: 
And when = L 
With regard to the choice of ; ( < ) sentences from Eq. (24) and in order to make a set of equations which is consisted of ( + 1) equations and ( + 1) unknowns, we confront with a number of additional unknowns which are indeed the same coefficients of Eq. (24). Therefore, to remove this problem, we should derive m times from Eq. (22) according to the additional unknowns in the afore-mentioned set differential equations and then this is the time to apply the boundary conditions of Eq. (11) on them.
: ( 
: (9) we consider (η) as follows:
By considering variables 1 and 2 as follows:
Eq. (31) will convert to the following form:
In AGM, the answer of the differential equations is considered as a finite series of polynomials with constant coefficients as follows:
(34) It is notable that in the above equations, the constant coefficients of 0 to 6 , are obtained by applying the introduced boundary conditions.
Applying boundary conditions
In AGM, the boundary conditions are applied in order to compute constant coefficients of Eq. (34) in two ways as follows: (a) Applying the boundary conditions on Eq. (34) are expressed as follows:
It is notable that BC is the abbreviation of boundary conditions. According to the above explanations, applying the boundary conditions on Eq. (34) is done in the following form: 
39) Based on the above formulae, the boundary conditions are applied on the achieved differential equation as follows:
( (0) With regard to the given physical values of Eq. (47) and Eq. (49) and the introduced domain of η ∈ {0 1}, the numerical solutions of the mentioned problem is obtained as follows (see Table 1-Table 3 and Figure 2-Figure 8 ).
The following charts are the difference between the results on the basis of the yielded solution from Eq. (50) by AGM and the results of Table 1 by Numerical Method. 
Results and discussion
Graphs for different values of Reynolds number andαare presented to show the accuracy of HPM and AGM. As it is completely clear both methods are accurate and applicable. Also, it is worthwhile to mention that both methods can be more accurate.
Now we present graphs to investigate the effect of different parameters. Figure 18 shows the effect of Reynolds number at constant α and Hartmann number (α = 1 , H = 0). Figure 19 and Fig is dependent onφ, at first we chose ρ = 2ρ ( Figure 22 ) and then we chose ρ = 8933 (density of Cu.) and ρ = 997 1 (density of water). Therefore, Figure 23 shows (η) for Cu-water. 
Conclusions
In this case study, two methods have been offered in order to solve a nonlinear differential equation governing on Jeffery-Hamel flow with high magnetic field and nanoparticle, Homotopy Perturbation Method (HPM) and a new method named Akbari-Ganji's Method (AGM). The aforementioned proceeding has been done to indicate the ability of HPM and AGM for solving a broad range of differential equations. We showed that both methods are efficient and accurate. In AGM in contrast to most of the analytical methods which are able to solve differential equations only by introducing dimensionless parameters, a wide variety of complicated differential equations is easily solvable directly which means there is no need to convert variables into new ones. In AGM considering three or four sentences of the series of polynomials which are considered as the answer of differential equations is sufficient to obtain reliable solutions, and always by increasing the number of sentences the solution gets closer to the exact solution while in most of the other methods the error might increase or decrease.
